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Equal coverage north-south for anisotropies: TAx4 
Composition and particle interactions: Auger muon upgrade 
Explore potential exposure from space: JEM-EUSO  
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Current Observatories of���
 Ultrahigh Energy Cosmic Rays 



Pierre Auger  
Observatory 

Mendoza, Argentina 
(19 country 

collaboration) 
3,000 km2 array	


4 fluorescence telescopes	



Telescope Array 
Utah, USA 
(5 country 
collaboration) 

700 km2 array	


3 fluorescence 	


telescopes	
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3,000 km2 water cherenkov 
detectors array


4 fluorescence Telescopes


Malargue, Argentina



~ 500 Scientists, 19 Countries 
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Pierre Auger Observatory
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Telescope Array 



3 FD stations overlooking an array of  

507 scintillator surface detectors (SD)   

Area: 700 km2 

Belgium


Japan


Korea


Russia 




USA
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2012 CERN  Working Group ���
Unified Spectrum



Energies re-scaled ~10% 

9 
Dawson et al ‘13 



UHECRs Current Status



Leading Observatories: Auger & Telescope Array


Agree on the shape of the spectrum


Energy scale: ~10% difference


Composition?
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See Dembinski  
Fe 

p 

O 

He 



Auger 

TA 
Telescope Array 

Auger sees change slope:


Change in Composition 


or interactions 



TA: does not confirm
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Xmax in the 
atmosphere 

Xmax in the 
detector 



Explore particle interactions >20 TeV CM



p-p cross section at 57 TeV CM 

LHC 

    More muons than predicted 
by hadronic models 

Auger 
Inclined showers dominated by muons 



GZK or Emax?


(TA ICRC11) 

Kotera, AO ‘11 

Fang, Kotera, AO ‘13 
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GZK vs Emax



(TA ICRC11) 

Kotera, AO ‘11 

Fang, Kotera, AO ‘13 
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UHECRs Current Status



Leading Observatories: Auger & Telescope Array


Agree on the shape of the spectrum


Energy scale: ~10% difference


Composition: controversial


Multi-messenger clues: not yet


Anisotropies?
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No Galactic Plane Anisotropy



E>20 EeV Cosmic Rays are EXTRAGALACTIC 



17 17 Giacinti et al ‘11 

Auger Anisotropy limits: rule out Galactic protons to CNO 
as dominant CR component E > 1 EeV and Fe above 20 EeV 
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Greisen-Zatsepin-Kuzmin effect



Gpc 

~100 Mpc 

~10 Mpc 
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Auger: consistent ���
with Anisotropy���
> 60 EeV ���
AGN catalog test



20 



Anisotropy Hints > 60 EeV



E > 5.7x 1019 eV     20o smoothing  ≈ 5 σ pretrial 
Telescope Array 

Auger Observatory 

≈ 3 σ pretrial 

ov
er

la
p 

arxiv.1404.5890 
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Neutrino & UHECR Coincidence



IceCube & TA excess  
overlap signif ~ 2σ 
arXiv:1404.6237 



Anisotropy Hints > 60 EeV



Statistically limited  



Equal coverage north-south for anisotropies: TAx4 
Composition and particle interactions: Auger muon upgrade 
Explore potential exposure from space: JEM-EUSO  

Auger+TA 

Auger 



Telescope Array Expansion



P5 Presentation 12/3/13 Cosmic Particles Overview of Opportunities 

•  Non Imaging Cherenkov Array NICHE 
•  TA/TALE 3x1016 – 3x1020ev 
•  NICHE 1015 -1018 ev 
•  85 Cherenkov light collectors 
•  Observe shower form 1st interaction 
•  Calibrate NICHE with TALE 



Pierre Auger Observatory Upgrades:   

Target:  Better measurement of muons 
- Accelerator maximum heavier nuclei at high energy 
- Photon, neutrino identification 
- Proton identification: astronomy        
-  Hadron physics 

In the next decade, Auger will roughly triple its present data set:  
obtaining event-by-event composition measurements will be an 
order-of-magnitude increase in that kind of data. 

1.  Faster electronics – distinguish muon 
spikes in SD traces 

2.  Additional muon detectors – 
scintillators, RPCs 

3.  Modified SD – segmented tanks 
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JEM-EUSO 



Japan, USA, Korea, Mexico, Russia, Algeria


Europe: Bulgaria, France, Germany, Italy, 
Poland, Slovakia, Spain, Switzerland, Sweden


15 Countries, 300 researchers


Leading institution: RIKEN


PI: Piergiorgio Picozza



Extreme Universe Space Observatory (EUSO)���
in the Japanese Experiment Module (JEM)


of the International Space Station (ISS) 
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JEM-EUSO goals 



- pioneer the study of EECR from Space 


- increase exposure to EECR by 1 order of 
magnitude


- discover the nearby sources of UHECRs
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JEM-EUSO���
Sky Coverage 
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Shower Simulation



64 pixel 
MAPMT 	


1020eV 
60 deg	


Detected photoelectrons are 
recorded every Gate Time Unit 
(GTU) of 2.5µs continuously.	


Simulated air shower image on 
the focal surface detector.  

2x1020eV 
65 deg	
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NASA 


Astrophysics 



Roadmap


2014
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PI: P. von Ballmoos  
Phase C/D 
Flight in Fall 2014 



How many UHECRs > 60 EeV?



Auger + TA ~30 events/yr 



JEM-EUSO




~200 events > 60 EeV/yr



Earth  - surface ~ 5 108 km2





~3.4 106 events/yr
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How many UHECRs > 60 EeV?



Auger + TA ~30 events/yr 



JEM-EUSO




~200 events > 60 EeV/yr



Earth  - surface ~ 5 108 km2





~3.4 106 events/yr
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Equal coverage north-south for anisotropies: TAx4 
Composition and particle interactions: Auger muon upgrade 
Explore potential exposure from space: JEM-EUSO  

Auger+TA 

Auger 



Mysteries of the 


Extreme Energy Frontier



To be resolved…



Thanks!




